A comprehensive picture of the management of hypertension in the increasing elderly population in Singapore is lacking. In this study, we assess the prevalence and correlates of hypertension and of awareness, treatment and control of hypertension among 4494 elderly Singaporeans (X60 years) participating in a recent representative survey. The weighted prevalences of hypertension (systolic blood pressure X140 mm Hg or diastolic blood pressure X90 mm Hg or current use of antihypertension medication) and of awareness, treatment and control of hypertension were assessed. We assessed the extent of association of these outcomes with socio-demographic (age, gender, ethnicity, education, housing type, living arrangement and social participation) and health (body mass, diabetes and cognitive status) variables using multivariable logistic regression. Nearly three-fourths (73.9%) of participants were found to have hypertension. Of this number, 30.8% were unaware that they had hypertension, 32.0% were not being treated for the disease and 75.9% had suboptimal control of their blood pressure. Among those aware of their hypertension, only 1.9% were untreated. However, nearly two-thirds (64.5%) of treated hypertensives had suboptimal control. Age, gender, ethnicity, education, housing type, body mass and diabetes were significantly correlated with lack of awareness, treatment and control of hypertension. Although the specific 'at-risk' subgroups varied by the outcome, men and Malays had consistently higher odds for all three unfavorable outcomes. There is a need to improve awareness, treatment and especially control of hypertension among elderly Singaporeans. Primary and secondary prevention efforts targeting the elderly and their primary health-care providers are called for, as are regular data collection efforts based on representative samples.
INTRODUCTION
Hypertension, a major cardiovascular risk factor, 1,2 is also the leading risk factor for adult mortality worldwide. 3 The elderly constitute an important group in the epidemiology of hypertension. Of all age groups, they have the highest prevalence of hypertension [4] [5] [6] and are at particularly high risk of hypertension-related diseases. 1, 7 In fact, individuals who are normotensive at age 55 have a 90% lifetime risk of developing hypertension. 8 However, hypertension among the elderly is treatable, 2,9,10 and lowering blood pressure (BP) among elderly hypertensives, even the very old, can reduce the incidence of major coronary events and stroke. 1, 7, 9, 11, 12 In fact, morbidity and mortality benefits derived from treatment may be even higher and may be appreciated earlier for older hypertensives. 10, 13 However, despite the effectiveness of treatment, studies report that elderly hypertensives have the lowest levels of BP control compared with younger hypertensives, even if they are more aware of their hypertensive status and more likely to be under pharmacological treatment. 4, 6 Recognizing the elderly as an at-risk population, studies in various countries have documented the prevalence and correlates of hypertension and of awareness, treatment and control of hypertension among the elderly. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] These studies suggest considerable heterogeneity for the prevalence of these conditions across elderly subgroups, defined by socio-demographic or health characteristics. Furthermore, neither the prevalence nor the identified correlates are uniform across countries. The variation could result from differences in criteria for defining hypertension and its treatment, but could also reflect variations in demographic and health profiles of the elderly as well as access to health services for chronic disease detection and management across countries. Therefore, it is important to have country-specific data for planning hypertension detection and management services for the elderly, especially for countries that have or will soon have a sizable elderly population.
Singapore is an aging country. The proportion of elderly Singaporeans aged X60 years (currently around 10%) is projected to double by 2030. 28, 29 However, a comprehensive picture of the management of hypertension among elderly Singaporeans is lacking. Previous studies have not been nationally representative, 6, 16, 18 and either do not focus exclusively on the elderly 6 or only present the prevalence and correlates of undetected hypertension. 18 The latest Singapore National Health Survey, 30 conducted in 2004, did assess the prevalence of hypertension and its treatment in a nationally representative sample, but only subjects o70 years old were included.
Taking advantage of a recent, large, representative survey, the present analyses were conducted to assess the prevalence and correlates of hypertension and of awareness, treatment and control of hypertension among elderly Singaporeans.
METHODS

Singapore Social Isolation, Health and Lifestyles Survey (SIHLS) 2009
The SIHLS, a nationally representative survey of community-dwelling elderly Singaporeans, was conducted in 2009 for the Ministry of Community Development, Youth and Sports. The target sample size was 5000. Assuming a 60% response rate, based on previous surveys of the elderly in Singapore, a random sample of 8400 elderly people stratified by gender, ethnicity and age (divided into 5-year increments: 60-64, 65-69,y., 85+) according to the 2007 population distribution was drawn from the national database of dwellings. People X75 years old, Malays and Indians were oversampled by a factor of two to ensure a sufficient number in these subgroups for analysis. A total of 1195 (14.2%) addresses in the sample were found to be invalid. Of the rest, 5000 elderly people were interviewed face to face at their residence with informed consent using a structured questionnaire, yielding a response rate of 69.4%. The nonrespondents (refusal to participate (59.1%) and those who could not be contacted even after a minimum of three household visits (40.9%)) were more likely to be o70 years old and to represent 'other' ethnic groups but were similar in gender distribution compared with respondents. Proxy interviews were conducted for 458 (9.2%) elderly people who were unable to respond due to health reasons.
BP measurement
To insure consistency in BP measurement, interviewers were trained using didactic instruction, training videos and role-plays. Three resting BP measurements approximately 1 min apart were taken for 4494 (89.9%) participants using an electronic BP monitor (Omron HEM-780N, Omron, Kyoto, Japan). The rest (n¼506), for whom BP could not be measured (refusal; cast/rash/wound/edema/ bruise on arm(s)), were excluded from further analysis. Those excluded were more likely to be older, Chinese and have no formal education but were similar in gender distribution to the rest of the sample. Nearly all BP measurements were taken in accordance with the instructions given (left arm and sitting position used for 98.3 and 99.1% of participants, respectively). The mean of the three readings was used to define the systolic BP (SBP) and diastolic BP (DBP) values.
Definitions
The prevalence of BP classes, as defined in the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC-7) guidelines, was assessed: normal (SBP o120 mm Hg and DBP o80 mm Hg), prehypertension (SBP 120-139 mm Hg or DBP 80-89 mm Hg), stage 1 hypertension (SBP 140-159 mm Hg or DBP 90-99 mm Hg) and stage 2 hypertension (SBP X160 mm Hg or DBP X100 mm Hg). 1 The classification was based on measured BP (irrespective of treatment status), assigning the participant to the higher category if he/she could be classified into two categories.
In accordance with previous surveys and guidelines, hypertension was defined as 'SBP X140 mm Hg or DBP X90 mm Hg or (self-reported) current use of anti-hypertension medication' . 1, 14, 15, 17, [19] [20] [21] [22] [23] [24] [25] [26] [27] Among hypertensives, those who responded in the negative to 'Have you ever been diagnosed with high blood pressure by a medical professional?' were considered to be unaware and those who responded in the negative to 'Are you presently taking any medicine prescribed by a physician for high blood pressure?' were classified as untreated. Thus, untreated participants included both those unaware of their hypertension and those who were aware but were not receiving any antihypertension medication. The extent of BP control was ascertained among all hypertensives and among treated hypertensives, with SBP and DBP values for defining control varying by (self-reported) diabetes status. For elderly subjects without diabetes, SBP o140 mm Hg and DBP o90 mm Hg was considered to represent controlled BP, whereas corresponding values for elderly subjects with diabetes were SBP o130 mm Hg and DBP o80 mm Hg, based on JNC-7 guidelines, 1 clinical practice guidelines for hypertension in Singapore 31 and previous studies. 19, 23 Those exceeding the criteria were considered as having suboptimal BP control.
Correlates
A variety of socio-demographic and health variables, evaluated as potential correlates with hypertension and/or awareness, treatment and control of hypertension in previous studies, 6, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 32 were evaluated as correlates in the present analysis.
The socio-demographic variables included age (60-64 years, 65-74 years and X75 years), gender, ethnicity, education, housing type, living arrangement (based on household composition) and level of social participation. The three main ethnic groups in Singapore, that is, Chinese, Malay and Indian, were considered in the analysis. Those representing the 'Other' ethnic groups (n¼53 out of the 4494 with measured BP values) were excluded as their number was too small for meaningful comparison. Education was categorized as none, primary, secondary and 4secondary (vocational/technical/junior college/polytechnic/university education). Housing type was classified as public (Housing Development Board housing-further classified by the number of rooms (1 to 2, 3 and X4))-or private (condominiums) or other (bungalow/ terrace house/semidetached house/shophouse). A social participation score was calculated based on frequency of participation (not at all (0), less than once a month (1), every month (2), every week (3), every day (4) in three social activities: attending neighborhood events, eating out and attending a place of worship) and divided into tertiles for the analysis. The health variables were body mass category (body mass index (BMI), based on measured weight and height, was categorized using Asian cutoffs, 33, 34 that is, underweight (o18.5 kg m À2 ), low risk (healthy range; 18.5-22.9 kg m À2 ), moderate/increased risk (23.0-27.4 kg m À2 ) and high risk (X27.5 kg m À2 )), diabetes (doctor-diagnosed, self-reported status) and cognitive status (intact, mild cognitive impairment and moderate/severe cognitive impairment, based on subjects' SPMSQ (Short Portable Mental Status Questionnaire) 35 score).
Statistical analysis
Weighted proportion and mean estimates were calculated for categorical and continuous variables, respectively. The presence of a significant difference in means across levels of categorical variables was detected using either an unpaired t-test or analysis of variance. An w 2 test was used for assessing significant difference in proportions across levels of categorical variables. A P-value of o0.05 was considered to be statistically significant. Association of potential socio-demographic and health correlates with the presence of hypertension and subjects' awareness, treatment and control of hypertension was ascertained using multivariable logistic regression analysis. The analysis, conducted using SAS for Windows Version 9.2 (SAS, Cary, NC, USA) was weighted using survey-sampling weights to adjust for nonresponse and oversampling.
Ethical approval
The present analysis, based on de-identified data, was exempted from full review by the institutional review boards of the National University of Singapore and Duke University Health System.
RESULTS
Study population characteristics
The socio-demographic and health characteristics of 4441 elderly Singaporeans (excluding 53 categorized by ethnic group as 'Other') are given in Table 1 .
Mean SBP and DBP, and JNC-7 BP classification Although SBP increased significantly with age, there was a significant decline with age in DBP. In addition, although SBP was similar for men and women, DBP was significantly lower among women. Around half (53.3%) of the elderly people had stage 1 or 2 hypertension as per the JNC-7 BP classification; the proportion increased with age and was higher among men ( Table 2) .
Prevalence of hypertension and of awareness, treatment and control of hypertension Nearly three-fourths (73.9%) of community-dwelling elderly Singaporeans had hypertension. Among them, nearly one-third were unaware that they had hypertension (30.8%), 32.0% were untreated and three-fourths (75.9%) had suboptimal BP control. Among those aware, only 1.9% were untreated. However, nearly two-thirds (64.5%) of the treated hypertensives had suboptimal BP control ( Figure 1 ).
The prevalence of hypertension varied across subgroups, rising above 80% among those aged X75 years, Malays, those with low social participation, those with moderate/high risk body mass, those cognitively impaired and diabetic subjects. At the same time, some elderly subjects, such as those with secondary or higher education and those residing in condominiums, had a comparatively lower prevalence of hypertension. The prevalence of unaware and untreated hypertensives also varied, with the lowest prevalence among elderly people with diabetes (only 12.9% were unaware and only 13.9% were untreated) and highest among those underweight (44.0% were unaware and 48.4% were untreated). The highest prevalence of suboptimal BP control was observed among Malays (87.8% of all Malay hypertensives and 80.0% of treated Malay hypertensives). The lowest prevalence of suboptimal BP control, for all hypertensives, was in subjects residing in condominiums (68.2%), and for treated hypertensives, it was in underweight subjects (49.1%; Table 3 ).
Correlates of hypertension and of awareness, treatment and control of hypertension Although the odds of hypertension were significantly higher among men, those aged X65 years, those with moderate/high risk body mass, those with moderate/severe cognitive impairment and those with diabetes, the odds were significantly lower among Indians, those residing in condominiums, those having greater social participation and those underweight. Elderly hypertensives aged X65 years, those residing in larger public housing units or condominiums, those with high-risk body mass and those with diabetes were less likely to be unaware or untreated. However, men, Malays and those underweight were more likely to be unaware or untreated. Men and Malays also had higher odds of suboptimal BP control. In addition, higher odds were observed among those aged X65 years, those with moderate/high risk body mass and those with diabetes. Increasing educational status, however, was associated with a decrease in the odds of suboptimal BP control (Table 4) .
DISCUSSION
This study, arguably the first to comprehensively document the prevalence and correlates of hypertension and of awareness, treatment and control of hypertension among elderly Singaporeans, observed a high prevalence of hypertension (73.9%) and, more importantly, of suboptimal BP control among all hypertensives (75.9%) and among treated hypertensives (64.5%). Age, gender, ethnicity, education, housing type, body mass and diabetes were significant correlates of being unaware of or untreated for hypertension and of suboptimal BP control. Although the specific 'at-risk' subgroups varied by the outcome considered, men and Malays consistently had higher odds for all three unfavorable outcomes. The various prevalences, given in Figure 1 , do not entirely conform to the classic 'rule of halves,' which states that 'only half of hypertensives are detected (aware), half of which are treated, of which only half achieve adequate BP control.' 36, 37 Nonconformity to the classic rule has been reported for most industrialized countries. 36 The prevalence of hypertension and its awareness, treatment and control in studies conducted exclusively among the elderly and using our criteria for defining hypertension is given in Table 5 . 14, 15, 17, [19] [20] [21] [22] [23] [24] [25] [26] [27] Although most of these studies reported a lower prevalence of hypertension 17, 20, [22] [23] [24] [25] 27 than what we observed (73.9%), some Hypertension among elderly Singaporeans R Malhotra et al reported a similar prevalence 14, 19, 21, 23, 26 or, in one study, 15 an even higher prevalence. Other than differences in the BP measurement instrument (manual or electronic) and number of readings (two or three) used for defining SBP and DBP, the variation could also reflect differences in demographic (for example, age, gender, ethnicity) and lifestyle (for example, diet, physical activity) profiles and in economic development across countries (prevalence is usually higher in more developed economies 38 ). Although previous studies of the elderly in Singapore have reported a lower prevalence, 16, 18 one of these studies 16 was limited to a single township and the other 18 did not consider use of antihypertension medication in the definition. Another Singaporean study using the same definition of hypertension as we did, although not limited to the elderly, did report a prevalence of hypertension among those aged X65 years that was comparable with our findings. 6 Similar to previous studies, 14, [16] [17] [18] 20, 22, 23, 25, 26 we observed hypertension to be associated with age, higher BMI and diabetes. We also observed elderly men to be at a higher risk of hypertension, whereas previous studies have reported either no association with gender, 17, 20 or a higher risk for women. 14, 18 Furthermore, although elderly Malays had a higher prevalence of hypertension than elderly Chinese, the relationship disappeared in the adjusted analysis, possibly due to the greater prevalence of diabetes and higher BMI categories among Malays. Previous reports suggest an inverse association between hypertension and socioeconomic status, represented by education and/or income. 14, 17, 39 We observed the same, with a lower prevalence among those with higher education or more spacious housing. However, in the adjusted analysis, only housing remained significant. Interestingly, elderly people with greater social participation had a lower prevalence of hypertension. Previous studies have also reported social participation to be beneficial for various health outcomes, including coronary diseases. 40, 41 Those with moderate/severe cognitive impairment were more likely to be hypertensive, possibly reflecting the fact that hypertension is a risk factor for cognitive impairment and dementia, especially of vascular etiology. 1, 42, 43 The proportions of unaware (30.3%) or untreated (32.0%) hypertensives in this study were lower than most studies from other countries, 14, 17, 20, 24, 25 although a few studies 21, 23, 26, 27 reported similar or even lower figures. Furthermore, only 1.9% of those aware (that is, diagnosed) were untreated, which is much lower than figures reported from other countries. 14, 17, [21] [22] [23] [24] 27 Previous studies from Singapore reported comparable figures. 6, 16 The levels of awareness of hypertension and its treatment are contingent on efforts aimed at raising awareness about hypertension (or chronic diseases in general) as well as the efficiency of health-care services in detecting hypertension and initiating treatment. The comparatively lower proportion of unaware or untreated hypertensives in Singapore may be due in part to good awareness and screening programs and to the health-care services in the country. The NHLP (National Healthy Lifestyles Program) has been ongoing in Singapore since 1992. 44, 45 Although hypertension is not its key focus, the program's focus on a healthy lifestyle might have had an indirect Furthermore, the groups of elderly hypertensives who are more likely to be unaware and/or untreated need greater attention. For some such groups, including those o65 years old, those underweight and those without diabetes, the increased risk could reflect complacency on their and/or their health-care providers' part, as these groups may not be traditionally considered to be at risk of hypertension. A related reason could be their lower frequency of contact with the health-care system, allowing less opportunity for diagnosis and treatment. The lower risk among those with higher BMI supports these conjectures. Of even greater concern is the increased risk of being unaware and untreated among men and Malays, who have a high prevalence of hypertension. The greater risk among those of lower socioeconomic status (residing in 1 to 2 rooms public housing) could be due to less access to or use of health-care services; this, however, was not ascertained in this study.
An even greater effort is required to lower BP to defined control levels. Around three-fourths of all hypertensives and 64.5% of treated hypertensives had suboptimal BP control in this study. Furthermore, more than one-third (35.1%) of the latter had stage 2 hypertension, as defined by JNC-7. Even using a cutoff of o140/90 mm Hg for all subjects, the prevalence of suboptimal control remained high (72.0% among all hypertensives and 58.8% among treated hypertensives). A comparison with other studies (Table 5 ) reveals that suboptimal BP control is not limited to Singapore; most studies report comparable or even higher figures.
Although suboptimal BP control among all hypertensives can be attributed in part to being unaware or untreated, suboptimal BP control among treated hypertensives cannot, and a variety of reasons have been suggested for this fact. These include health system factors such as access and cost, physician factors such as prescription of inadequate medication, doctor-patient communication quality and inadequate awareness of or compliance with guidelines, and patient nonadherence to medication due to reasons such as low (health) literacy, cost, side effects, forgetfulness and lack of knowledge of the disease. 1, 19, 27, [51] [52] [53] These factors, not assessed in this survey, should be explored in future quantitative and qualitative studies.
The use of the average of three BP measures assessed at a single visit (due to time and financial constraints) to define SBP and DBP values might have overestimated the prevalence of hypertension and underestimated the prevalence of awareness and BP control. Many previous population-based surveys also report findings based on BP values measured during a single visit. 6, [15] [16] [17] [19] [20] [21] [22] 24, 27 Given the survey's cross-sectional design, the identified correlates of hypertension are not necessarily causal risk factors. However, most of the sociodemographic variables we consider must have preceded the development of hypertension. Although our findings can be generalized to community-dwelling elderly Singaporeans, the situation is likely to be different among younger Singaporeans, which can be gauged from other studies and surveys. 6, 30 Classification of individuals as treated or untreated was based on self-reported use of antihypertension medication. Furthermore, information on the number, type and dose of prescribed drugs and on health-care utilization was not collected in the survey, limiting our understanding of reasons for the high prevalence of suboptimal BP control. This study has several strengths. It is based on a large and representative sample. The response rate of 69.4% was higher than the typical response rate for surveys conducted in this population and age group. The definitions used for hypertension and for awareness, treatment and control of hypertension are based on standard guidelines and have been used extensively in previous studies, 1, 14, 15, 17, [19] [20] [21] [22] [23] [24] [25] [26] [27] allowing the comparisons in the discussion above. The BP measures were obtained using electronic BP monitors, possibly reducing interobserver variability, and in accordance with given instructions for nearly all participants.
The study findings suggest that there is a definite need for improving awareness, treatment and, especially, control of hypertension among elderly Singaporeans. To improve awareness, a specific focus on hypertension, highlighting its high prevalence, easy detection through noninvasive BP measurement and amenability to control, should be considered for the annual campaigns undertaken as part of the NHLP. The availability of the subsidized Integrated Screening Program 48, 49 should also be promoted. A simultaneous focus on primary prevention through lifestyle modification should be maintained. Health-care providers should be asked to take BP measurements for all elderly patients at all possible encounters. As nearly all hypertensives who were aware of their condition were also under treatment, these measures are also likely to reduce the prevalence of untreated hypertensives.
Health-care providers should strive to attain BP control among all elderly hypertensives under their treatment. Those aged X65 years, men, Malays, the uneducated, those with higher BMI and those with diabetes mandate greater attention. The reasons for poor control in these subgroups needs to be ascertained in future studies to help providers improve BP control among their at-risk elderly patients. Considering long-term medication cost to be a key impediment to medication compliance and thereby BP control, the Singapore government launched the CDMP (Chronic Disease Management Program) in October 2006. 54 Under the CDMP, an individual can use his/her compulsory individual medical savings (Medisave) account to pay for consultation and drugs for six diseases, including hypertension. This could possibly enhance detection and control of hypertension among the elderly. Assessment of the impact of such programs or initiatives at the population level requires regular data collection efforts based on representative samples. One possibility is to expand the age base of future National Health Surveys in Singapore, conducted every 6 years, to include all the elderly.
Conclusion
We observed a high prevalence of hypertension among elderly Singaporeans (73.9%) and more importantly, suboptimal BP control among all hypertensives (75.9%) and treated hypertensives (64.5%). Age, gender, ethnicity, education, housing, body mass and diabetes were significant correlates of being unaware of and untreated for hypertension and of suboptimal BP control. Although the specific 'atrisk' subgroups varied by the outcome considered, men and Malays had higher odds for all three unfavorable outcomes. There is a definite need for improving awareness, treatment and, especially, control of hypertension among elderly Singaporeans. Primary and secondary prevention efforts targeting the elderly themselves and their primary health-care providers and regular data collection efforts based on representative samples are indicated.
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